respectively. The steady creep rate obeys an empirical equation. The stress exponent n, the apparent activation energy Q a of AE42 alloy is 5.39 and 90.41KJ/mol respectively, and the stress exponent n, the apparent activation energy Q a of AE41-1.2Ca alloy is 6.24 and 37.51KJ/mol respectively, which indicates that the compressive creep mechanism is changed with the addition of Ca.
I. INTRODUCTION Magnesium and magnesium alloys are attractive for using as structure function material in automotive and aerospace industries to improve fuel efficiency by reducing the vehicle weight [1, 2] . However, the service temperatures of these Mg-Al alloys are limited to 150℃ [3] . The poor elevated temperature properties is linked to the existence of the low-melting point Mg 17 Al 12 phase, which is comparatively soft and allows shear along the grain boundaries during operation at elevated temperatures. The most common way of improving the elevated temperature properties is through the formation of thermally stable precipitates or dispersoids along the grain boundaries to reduce the amount of Mg 17 Al 12 phase. Rare earth elements are the most effective alloying elements for such purposes which result in significant improvement in the elevated temperature properties [4, 5] . For example, AE42 alloy has been used as gearboxes by General Motors [3] . But, the high cost of these alloys compared with conventional magnesium alloys has limited their applications. Therefore, cheaper earths, such as Ca, Sr, Sm and Sb, win the good graces of the researchers [6] [7] [8] [9] [10] [11] [12] [13] [14] . The heat-resistant phases, such as Al 2 Ca and Al 4 Sr, distribute at grain boundary to minimize the intragranular deformation and hinder dislocation glide and grain boundary diffusion, which are good for improving the creep resistance property. In view of this, compressive creep behavior of AE42 and AE41-xCa alloys were investigated at different temperatures and applied stress. The constitutive equation of AE42 alloy and AE41-1.2Ca alloy was established and the compressive creep mechanism was discussed in this paper.
II. EXPERIMENTAL
Pure magnesium, pure aluminum, and Mg-10%RE (75%Nd+25%Pr) master alloys were prepared with nominal compositions listed in Tab.1. Melting of the investigated alloys was conducted in an electric resistance furnace under 10%SF 6 +90%CO 2 atmosphere. The melt was held at 750°C for 30min and then poured into a metal mould at 720°C. The mould temperature is 250°C. Creep tests were performed on as cast specimens with the size of Ø8mm×10mm. All the creep tests were performed in an oil bath in order to maintain temperature stability and to prevent oxidation of the specimens. The compressive creep tests were carried out with a special apparatus composed of constant-load pressurization, heating and temperature controller, collecting data and record devices, as shown in Fig.1 . The temperature was maintained constant to within ±1°C. The precision of compressive creep deformation could be up to 0.001mm. Record the data after pre-creeping 10 minutes. The experimental temperature was 125, 150 and 175°C and the applied stress was 88, 100 and 112MPa. The creep datum was evaluated as the average of three specimens at least. 
III. RESULTS
The compressive creep curves of AE42 alloy and AE41-xCa alloys under the temperature 150 and applied ℃ stress 100MPa for 100h are shown in Fig.2 . It can be seen that all alloys have obvious steady-state creep stage. The creep resistance of AE41 alloy and AE42 alloy is poor and the compressive creep strain is 0.253mm and 0.129mm for 100h, respectively. The creep resistance of AE41-xCa alloys improves significantly with the increasing of Ca. The creep resistance of AE41-0.8Ca alloy and AE41-1.2Ca alloy is better than that of AE42 alloy, and the compressive creep strain is about 36% and 11% of that of AE41 alloy, respectively.
The compressive creep curves of AE42 alloy and AE41-1.2Ca alloy for various combinations of applied stress and testing temperature are shown in Fig.3 and Fig.4 The steady creep rate is defined as the slope of the creep strain versus time curve, as shown in Tab.2. It can be seen that the steady creep rates also increase obviously with increasing of temperature and compressive stress. Comparing the creep rates of AE42 alloy and AE41-1.2Ca alloy at tested temperature and compressive stress, it can be found that the creep rates of AE41-1.2Ca alloy are less than one order of magnitude those of AE42 alloy. The relationship between steady state compressive creep rate s ε& , applied stress n and absolute creep temperature T, can be described by an empirical equation in a low stress level [15] . ) exp( RT Q a n s − Α = σ ε& (1) where A is a materials-related constant, σ is the normal stress, n is the stress exponent, Q a is the apparent activation energy for creep, R is the gas constant and T is the absolute tested temperature.
Eq. (1) (2) According to Eq.(2), stress exponent n and activation energy Q a can be determined from the experimental data using the following equations: According to the Von Mises yield criterion [3] , we know that there should be at least five independent slip system per grain can ensure polycrystalline material plastic deformation smoothly and maintain the integrity of the grain boundary. A typical hexagonal close packed structure was observed in magnesium alloys, which only have four independent slip systems in the (0001) matrix and (10 1 0) prismatic planes. The plastic deformation ability is poor, leading to brittle fracture at a low temperature. However, the atoms on the grain boundary become unstable and diffuse at elevated temperature, providing two effective slip systems to improve plastic deformation ability and magnesium alloy appears creep rupture character along grain boundaries. Recent research suggests that the creep deformation of magnesium alloy is characterized by dislocation glide and grain boundary sliding, which is a critical question to design new types of heat resistant magnesium alloys.
The stress exponent n and the apparent activation energy Q a parameters calculated by ) exp( RT Q a n s − Α = σ ε& are used to infer the dominant creep deformation mechanisms for a material under the present test conditions [16] [17] [18] [19] [20] . That is, the compressive creep mechanism is determined by grain boundary diffusion where n =1. The stress exponent n=3 is for dislocation glide controlled creep. If the value of n is in the range of 4~6, the creep mechanism seems to be controlled by dislocation climb. The creep mechanism indicates the second-phase particles enhancing mechanism where n>6. The creep is respectively controlled by grain boundary sliding where Q a ≈30kJ/mol (activation energy for Mg 17 Al 12 phase discontinuous precipitation) and grain boundary diffusion where Q a ≈80kJ/mol (the activation energy for grain boundary diffusion), and is varied to the lattice self-diffusion of magnesium where Q a ≈135kJ/mol (activation energy for self-diffusion of magnesium), and diffusion of aluminum atom in magnesium where Q a ≈143kJ/mol (activation energy for diffusion of aluminum atom in magnesium). As shown in Tab.3, the average value of the stress exponent n and activation energy Q a of AE42 alloy was 5.39 and 90.41kJ/mol, respectively, and the stress exponent n and activation energy Q a of AE41-1.2Ca alloy was 6.24 and 37.51kJ/mol, respectively. Thus, it can be considered that the compressive creep mechanism of AE42 alloy and AE41-1.2Ca alloy is controlled by dislocation climb, which is determined by grain boundary sliding and grain boundary diffusion, respectively.
V. CONCLUSIONS
(1) The compressive creep deformation strain and creep rate increases with the increasing of temperature and stress and the creep resistance improves with increasing of calcium concentration.
(2) There is a good linear logarithmic relationship between steady state compressive creep rate and all the temperature and stress used, respectively. The steady creep rates of AE42 alloy and AE41-1.2Ca alloy can be 
